SCIENCE COMMUNICATION O'Keefe et al. / INFORMATION CHANNELS This study supports the hypothesis that individuals use repertoires or groups of overlapping information channels for various purposes. Landowners in three Wisconsin
Background and Conceptual Justification
The development of information-seeking and processing strategies currently receives major emphasis in communication research and theory more generally (Miller and Levine 1996; Wicks 2001 ) and in science-related communication in particular (e.g., Blakeslee 2001; Friedman, Dunwoody, and Rogers 1999) . This is, in part, because of the increased interest in how complex scientific information can best be imparted to the public, whether involving environmental, public health and safety, biotechnological, economic, or related issues (e.g., Bracht 1999; Dillard and Pfau forthcoming; Friedman, Dunwoody, and Rogers 1999; Sexton et al. 1999; van den Ban and Hawkins 1996) . It is also a consequence of the technological sophistication of communication systems themselves (e.g., Nellist and Gilbert 1999) .
The uses-gratifications model noted above is having a resurgence for this reason, and here we have chosen to couple it with the repertoire concept (Heeter and Greenberg 1985; Reagan 1996) . O'Keefe, Boyd, and Brown (1998) were successfully able to do so in examining how the public chose channels of information for health problems. They found that people reported learning different amounts of preventive health information from different channels and a mix in levels of learning across channels. An exploratory factor analysis indicated three clear repertoire groups of particular mediated and interpersonal channels, and hierarchical regression analysis indicated demographic and psycho-socio predictors of use of those repertoires. Repertoire distinctions were also found among nonfarming agricultural opinion leaders (e.g., extension agents, supply dealers, lenders, etc.) .
These repertoires are often individually tailored and based on availability, awareness of options, ease of access, and awareness of alternatives. When audiences seek content on a specific issue, some seek a broader band of channels than do others (Heeter and Greenberg 1985) . Creating interest or involvement has also been found to lead to more diversity of channels (Reagan 1996) . In sum, we tend to choose a mix of channels to get the information we think we need, and some of these may converge with one another, while others may complement one another.
O'Keefe, Boyd, and Brown (1998) incorporated a previous concept of complementary versus convergent information channels (Chaffee 1986) . Convergent channels provide the same or overlapping messages, with potential reinforcement or elaboration for the audience; complementary channels provide information in one channel that is not available in another. Hence, a "mixing and matching" of channels provides another rationale for the communication repertoires of individuals. We also distinguish between information sources, or the initiator of the content (e.g., a scientist, change agent, etc.), and the information channel (medium, neighbor, etc.) by which the audience member received the information. We argue that while there is clear overlap between these two concepts that needs further sorting out, sticking to one or the other-channels in this case-considerably clarifies the analytic framework. The research reported here is a still-early step in developing a 394 SCIENCE COMMUNICATION hybrid blending of these models and concepts into a more coherent framework for examining scientific information seeking and processing, particularly in the environmental realm. Understanding information-seeking patterns of different groups is especially important in public communication programs, notably where environmental issues are concerned. Such issues are fraught with difficulties of conveying multiple, interacting fields of complex-and often uncertain or contentious-science; overlapping policy jurisdictions; risky social, political, and economic consequences; and so forth (O'Keefe and Shepard forthcoming).
As for more practical application of the results, agricultural producers in particular are a distinct population subculture with communication patterns and information needs unlike those of others (e.g., Boone, Meisenbach, and Tucker 2000; O'Keefe and Rursch 1997) . Previous work has understated and oversimplified this uniqueness. The situation is further exacerbated in the case of the major issue of agriculture and environmental degradation. Many consider agriculture and related large-scale land practices (ranching, timber) as the environmental problem of our times. By comparing agricultural producers with other rural landowners and city dwellers, we hope to more clearly determine how each of these unique publics uses environmental information channels.
Hypothesis and Research Question
The following operational hypothesis is posed in this preliminary study:
Hypothesis 1: The environmental information channel preferences of each of the three publics identified above will form statistically significant clusters of channels, or repertoires, which will vary among the publics and by demographic and communication characteristics within each public.
This hypothesis is empirically justified by previous evidence found among the general public on health issues and among nonfarming agricultural opinion leaders. In each case, individual information channels were factor analyzed across respondent samples, and discrete clusters appeared, lumping together various mass media and personal information channels. Individual use of these clusters varied significantly by certain demographics, salience of the topic to the respondents, and other factors particular to the samples involved. The hypothesis is also supported by the uses-gratifications model and by repertoire and convergent-complementary channel rationales, arguing that individuals choose groupings of information channels on the basis of availability, content needs, individual communication mode preferences, credibility, and the ability of the channels in each repertoire to reinforce and/or add to existing knowledge. More specific hypotheses for each public would be preferable, but given the limits of previous rationale and evidence here, we would find them hard to defend.
We also ask the following research question:
Research Question 1: What convergent and/or complementary patterns can be teased out of the repertoires to help explain why the clusters are grouped as they are (what overlap or lack thereof in content, information characteristics, audience availability, appeal, etc. can be discerned)?
Methods
The Wisconsin Department of Natural Resources Priority Watershed Program funded in the 1990s-in cooperation with county governments, extension, and other agencies-dozens of information and education programs (among other assistance) in watersheds deemed at higher risk of degradation. Several of the projects have also funded research efforts assessing citizen knowledge, information needs and channels, attitudes, and behaviors with respect to water quality. The research was aimed primarily at both needs assessment, to help in planning of the information and education programs and as a pilot effort at greater involvement of watershed residents in the research, planning, and conduct of the programs (O'Keefe 1996; O'Keefe and Shepard 1998; Shepard and O'Keefe 1999) . The research included key informant interviews, focus groups, and telephone probability sample surveys. Data from the most comprehensive of the survey studies carried out will be reanalyzed here, focusing on information channel uses.
The population consisted of adult landowners of three Wisconsin counties: one primarily urban (Marathon) and the two others (Burnett and Polk) primarily rural. The rural county respondents were further divided between farmers and nonfarmers. In Burnett and Polk Counties, a census survey of all landowners holding five acres or more was attempted, while in Marathon County, a probability-based digit dial-sampling procedure ensured as much representativeness as possible. The University of Wisconsin's Wisconsin Survey Research Laboratory did the sampling, interviewing, and basic data processing. The response rate for the Burnett/Polk survey was 76 percent, and the Marathon response rate was 63 percent. The data from both of these surveys were combined into one data set of 454 respondents.
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The residential independent variable, actually a combination of residency and occupation, included three levels: urbanites (n = 178), rural nonfarmers (n = 175), and farmers (n = 101). (Urbanites were Marathon County residents who did not own farmland, nonfarmers were Burnett and/or Polk County residents who did not own farmland, and farmers were Burnett and/or Polk County residents who owned farmland. Burnett and Polk Counties are adjacent; some farmland and residences cross the county border.)
The dependent variables were the frequencies of use of information channels for conservation and prevention of water pollution. Thirteen survey questions addressed the use of information channels with the following introduction: "Over the past 12 months, how often have you used any of the following sources of information about preventing water pollution and other conservation-related practices? Would you say not at all (1), rarely, sometimes, frequently, or a great deal (5)?" The information channels included were newspapers, local radio, local television, family and friends, magazines, talking with a commercial dealer, reading commercial dealer materials, talking with a county extension agent, reading county extension materials, talking with a county conservation agent, reading county conservation materials, talking with a Department of Natural Resources (DNR) agent, and reading DNR materials. The term sources was used in the question since previous experience indicated that channels caused confusion for some respondents; while, again, conceptually distinct for our purposes, the term sources appears equated with channels for the vast majority of respondents.
Analysis
A standardized analytic approach was used on the data set described above, following that validated by O'Keefe, Boyd, and Brown (1998) for health information practices. To operationalize the repertoire construct, the individual channel scores were subjected to an exploratory factor analysis using a principal components solution with varimax rotation (SPSS/PC, version 10.0), with eigenvalues greater than 1.0 as the standard for defining a factor. Hierarchical regression models were used to examine the ability of other variables to predict respondent scoring on each of these repertoires.
First, one-way analyses of variance compared the differences among the means for information channel use and farmer, rural, and urban status. (Note that absolute quantity of conservation information is, of course, difficult to measure and varies considerably by channel.) Overall, the most-used channels were newspapers, magazines, and family and friends (see Table 1 ). All thirteen ANOVAs showed significant differences in channel use across farmer, nonfarmer, and urban groups except for newspapers, friends and family, and DNR materials channels.
Follow-up tests evaluated the pairwise differences among the means for those channels that had unequal variances (radio and magazines) as shown by Levene's Test of Equality of Error Variances. Post hoc comparisons using Dunnett's C test showed significant differences between urbanites and the two rural groups for radio use, with urbanites using the radio significantly more for environmental information than did either rural group. Dunnett's C test also showed significant differences between nonfarmer groups and farmers for magazine use, with farmers using magazines significantly more than either nonfarmer group. This is consistent with previous media research on agricultural producers. While pairwise differences were not found for other channels, the trend was for farmers to be the heaviest consumers of environmental information from both government agency and commercial dealers, followed by rural nonfarmers and lastly by urbanites. This is not surprising, given that such channels typically gear most of their communication efforts at farmers. However, urban dwellers tended to turn more to television (and, as 398 SCIENCE COMMUNICATION noted, radio) for conservation information. The pattern clearly suggests more specialized channels sought out by farmers followed by rural dwellers-with mass media and family and friends either less sought out or about equally so with respect to the other populations. The dimensionality of the thirteen information channel use items was explored using factor analysis for each of the independent variable groups. Three factors were rotated for each group, using the varimax rotation (SPSS/ PC, version 10.0). The rotated solutions, as shown in Tables 2, 3 , and 4, yielded three interpretable factors or repertoires for each group labeled as follows: agency channels, general channels, and commercial channels. The agency channels included those information sources supported by government agencies, including county extension agents and materials, county conservation agents and materials, and DNR agents and materials. The general channels included newspapers, local radio, local television, friends and family, and magazines. The commercial channels included talking with commercial dealers and reading their materials.
While the same factors indicate the same three repertoires across groups, the amount of variance of the thirteen variables accounted for by each factor differed across groups. For example, agency channels accounted for the most variance among the thirteen variables for farming, rural, and urban groups (31 percent, 32 percent, and 25 percent, respectively). The loadings on the factors support the ANOVAs in that urban residents appear to rely less on talking with government agents than other groups do. The general mass media-interpersonal repertoire accounted for the second most variance among the thirteen variables for the farming, rural, and urban groups (18 percent, 18.5 percent, and 23.6 percent, respectively). The urbanites in this case again show the most substantial difference in channel use. The commercial channels accounted for the least amount (though still sizable) of variance among the thirteen variables for the farming, rural, and urban groups (16.9 percent, 13.5 percent, and 14.7 percent, respectively). Nine multiple-regression analyses were conducted to predict the threefactor channel reliance by the farmer, nonfarmer, and urban resident groups (see Table 5 ). The sets of independent variables were ordered. The first set included demographic variables; the sets that followed included pollution awareness and concern variables. The demographic data included income, education, gender, and age. For the rural nonfarmers, demographics as a set explained a significant amount of general channel use, R 2 = .107, F(4, 131) = 3.94, p = .005. While demographics as a set did not significantly predict channel use for the other groups, the data for urbanites indicate that education level had a significant negative relationship with the agency channel, while income level had a significant positive relationship with commercial channel use. In addition to demographic variables, current awareness, concern, and perceptions also about water pollution were used to predict channel use. As a set, the awareness and concern variables accounted for a significant amount of urbanite and rural nonfarmer agency channel and general channel use. The two significant predictor variables within this set were "need for information" and "comparative pollution knowledge." For the urbanites, a sense of a need for information about preventing water pollution significantly predicted general channel use, R 2 change = .194, F(5, 128) = 6.329, p = .000; for rural nonfarmers, the need for information significantly predicted both agency channel and general channel use. In other words, when urban residents think they need more information, they are most likely to turn to mass media and interpersonal channels. Yet rural nonfarmers, who may have more access to and more confidence in the agency channel than urbanites, are most likely to turn to both agency channels, R 2 change = .216, F(5, 126) = 7.46, p = .000, and general channels, R 2 change = .090, F(5, 126) = 2.815, p = .019, when they need more information. On the other hand, for farmers, who may have the same access and confidence in agency channels as rural nonfarmers, the need for information only significantly predicts general channel use.
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Just as a need for information predicts channel use, a perception of having more knowledge than other county residents also predicts channel use. nonfarmers, the sense of having a superior amount of knowledge about water pollution prevention significantly predicted agency channel use.
Discussion
Environmental information channel uses of the three populations did differ from one another, and clusters of channels, or repertoires, were found for each of the three groups. While the repertoires were the same for each, the populations varied in their use of them, and within each population different characteristics predicted such uses. As might be expected, the more general and diverse urban public was somewhat more attuned to mass media, while the rural population-especially farmers-relied more on specific and presumably more detailed channels of water quality and conservation information. Importantly, agencies and dealers formed two distinct factors, and farmers were about as apt to turn to commercial dealers for conservation-related information as they were to agency personnel and materials. This adds more evidence of the impact that commercial channels may have on agricultural conservation decisions. Rural dwellers overall indicating a greater need for such information were more likely to turn to general channels than agency or commercial channels.
The repertoires found here were, on one hand, more distinct than those for health information among a general population, but demographics and attitudes within the three groups examined did not predict repertoires as well or as consistently (O'Keefe, Boyd, and Brown 1998) . Health information was posed as a quite general content area in the preceding study, while here we deal with specific water resource and other conservation content. Persons at all involved or concerned with this topic may simply be a less varied population, producing less variance in their communication behaviors, save for differences among urban, rural, and farm residents, each of which likely has a need for different kinds of information and places different value on it. Note that conservation concern within each population was not an effective predictor of repertoires.
In fact, demographics played a quite minor role here, and only selfperceived need for conservation information was a consistent predictor across all three populations. Information need predicted greater use of more general channels such as mass media and family and friends, which one might expect if level of knowledge is low. Indeed, the correlation between information need and knowledge was quite low across the groups, and knowledge was a notably significant predictor of nonfarmers getting information 404 SCIENCE COMMUNICATION from governmentally related agencies, but not necessarily from commercial sources.
The exploratory varimax factor analysis technique used here has several limitations. The three factors selected involved reasonable judgment calls based on our past work and familiarity with the data. Inference building can be hazardous here as well, but our main purpose was to test the proposition that different publics with different characteristics choose varied mixes of channels depending on their informational needs, which has been demonstrated. With a stronger data set (e.g., fewer single-item measures, a more robust sample size, etc.), more sophisticated techniques of cluster analysis and/or multidimensional scaling could be profitably applied for a more clear image of the repertoires and their predictors.
We have yet to examine such vital aspects of environmental information channels as their credibility (Jo and Rodriguez 1999; Williams et al. 2000) , confidence in them (Byrd, VanDerslice, and Peterson 1997) , and cost versus utility (Trumbo 1998) . However, we suggest that for most purposes, it is preferable to view each channel as part of a "combo" or repertoire, with each channel perhaps playing a certain role for the individual. Some may be cheaper, some may have more credibility, some may yield more information despite greater effort, and so forth. But we choose combinations of channels based on such attributes, not simply sticking to the "most credible" despite its cost or the easiest to obtain despite its lack of utility. Rather, the process is more "mix and match," likely based on previous experiences with each medium, or agency, or individual, or specific publication. As was the case with health information, more examination is needed of the convergence and complementarity of these repertoires, both across the total population and within the types of subgroups studied here. The immediate reasons underlying need for information, or interest in it, may lead to quite different information search strategies.
Furthermore, these data have not touched on the highly likely refinements in environmental information channels brought about by the Internet and related channels. Recent evidence suggests that Internet use can affect attitudes toward more conventional channels among farmers and likely among other individuals (Gloy, Akridge, and Whipker 1999) .
Continuing exploration of communication behavior using the repertoire approach appears valuable and may grow more so as Internet content, in particular, enters the mainstream. A true clustering of channels used by individuals in differing circumstances, seeking different gratifications, and with varying channels available to them-whether mass mediated, interpersonal, or electronically personal-would be very useful for policy planners, especially in the complex environmental realm, and for learning about how people make choices about the communication patterns they hope will be most effective.
Appendix Survey Questions Source Use
Over the past 12 months, how often have you used any of the following sources of information about preventing water pollution and other conservation-related practices? Would you say not at all (1), rarely, sometimes, frequently, or a great deal (5)? The information channels included were newspapers, local radio, local television, family and friends, magazines, talking with a commercial dealer, reading commercial dealer materials, talking with a county extension agent, reading county extension materials, talking with a county conservation agent, reading county conservation materials, talking with a Department of Natural Resources (DNR) agent, and reading DNR materials.
Income
What was your total household income for the previous year, before taxes? 1 = under $10,000, 2 = $10,000 < $20,000, 3 = $20,000 < $30,000, 4 = $30,000 < $40,000, 5 = $40,000 < $50,000, 6 = $50,000 < $60,000, 7 = $60,000 < $70,000, 8 = $70,000 < $80,000, 9 = $80,000 or >.
Education
What is the highest grade of school you've completed? 1 = 8th grade or less, 2 = some high school, 3 = high school graduate, 4 = some technical/vocational training, 5 = technical school graduate, 6 = some college, 7 = college graduate, 8 = post grad or professional degree, 00 = other. 
Age
In what year were you born? Year was translated to age in 1998, and then ages were parsed into categories: 1 = < 45, 2 = 46-54, 3 = 55-64, 4 = 65-74, 5 = 75 [or] >.
How Polluted
How polluted would you personally say the lakes and streams in your part of [your] county are? Would you say not at all polluted (1), slightly polluted (2), somewhat polluted (3), fairly polluted (4), or very polluted (5)?
Prevent Concern
How concerned would you say you personally are about preventing those lakes and streams from becoming any more polluted than they are now? Would you say not 406 SCIENCE COMMUNICATION at all concerned (1), slightly concerned (2), somewhat concerned (3), moderately concerned (4), or very concerned (5)?
Need Information
How much of a need do you think you have for more information about preventing water pollution? Would you say no need (1), a slight need (2), some need (3), moderate need (4), or a great need (5)?
Knowledge
Compared to most of the other people in your part of the county, how much do you think you know about the best ways to prevent water pollution? Would you say you know a lot less than most other people (1), somewhat less (2), almost as much (3), more than most other people (4), or much more than most other people in your part of the county (5)?
Concern Compare
Do you think most other people in your part of the county are about as concerned as you are about water pollution (2), less concerned (1), or more concerned than you are (3)?
